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© P o lyP e P t.desst flb ,..zedbycova.enthydrogen b ondrep.ace m ent, 

@ Polypeptides are restricted ^g^^S^ 
folution by replacing one or mor e nyar og 
covalent hydrogen bond mimics of class 1 



clt 2 

e ? H 

. .-NH-C-. • 
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CH 

-CH 2 -CH-.. 
class 2 



Normal 

The polypeptides thus stabilized are capable of greater 
biological activity. 



0- 



EP 0 336779 A2 



three-dimensional conformation of peptides oy rep 
covalently bound surrogate. 

leas t one hydrogen bond J^X^ 
55 spatially equ.vale nt I nkage^T *e . . them for natlV e PT^^^Sinpie, once a single turn 
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f de's activity is about 10"* 

peptides of the prior art. 

BriefJ)ejscripJj?IL^^ v . or two portions of one polypeptide 



deviations in exact spatia rep~. a ent covatentUntafflM ^ and 
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BJ^uryev^^ 

-^^^^^^ZX assignment of the nature ^J^^Xt *• ^ es of 
permitted the «?"™^^£rtiln conventions hav e been W I ow ed h*^ ^ d „ 
conformations at a molec ular ievm. rticipants are designated in terms or a (#) of resid ues 

gro upoftheires l due,s4am l noac,dsdow encountered 
alpha helix. d n bonds which are r |™ f tnese conformations 

20 shown as the type of secondary or ten. y 



Table 1 

Rina Size Secondary or 
Hydrogen RjnSi^ 

Bond structure 

7 2 7 ribbon. Type 

i + 2 ► i lls.ll-i. reverse 

turns 

• L * _^i + l 7 Type 1,1,3 

1 + J ,-i-r-i reverse turns 

10 3io helix, Type 

i + 3 — >• • l.ll-i JV reverse 

turns 

13 alpha helix, 

i + 4- 14 type iv reverse 

' * 1 + turn 

antiparallel 

beta-sheet 

(across a 

Type 1 or Type 

II turn) 

16 pi helix 

> i + 5 <• i 22 anti parallel 

i + 7 " ' beta-sheet 

(across a turn) 



in addition to ... 

substituted by the covalent l.nkers 
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CO0H 

N H 2 antiparallal 

. COOH 

. COOH parallel 



protein synthesis techniques. 



piOLCIH 



NH 



s »i o- r > ..-Vc-.. 



5 



5 . . -CCHNHCCHNH- . . 




0 @ SMe 
. .-CCHNHCCHNH- 



..-N-CHC 



CH 2 & 



..-N-CHC-.. 

< u 

CH 2 0 

..-CCHNH-CCHNH-. . 

chain. For example, for an 1 i + 4 * p , substltuent and the residue contain.ng the 

55 (where cited). 
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gr heme 2 - 



Cbz-Ala-COOH (1) 

0 0 



^ ! i + Gly / E t0H/ N aHCO 3 -> Cbt^T 



St§£_l ! C b 2 -Ala-C(0)NHCH 2 NH-Boc 
2 + OPPA/TEA/t-BuOH ^ 



3 + H 2 /PCl, EtOH Z ^ 



SJSSLl ' , .«*---» Cb,-AU-Wa-C t O)««C H2 HH- B o= 
4+1, Eton ^ ^ 



^ £ - 2! «nr« #r H 1 -> MeNHCH 2 COQCH 2 (C 6 H 5 ) 

HeNHCH 2 COOK + HQCH 2 (CgH 5 ) ^ 



* TEA — > MeC(0)N(Me)CH 2 COOCH 2 (C 6 H 3 ) 
7 + ACOAG + TEA ^ 
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Scheme_2_JContJ. 



en's ROUt «> MeC(=S)N(Me)CH 2 COOCH 2 (C 6 H 5 ) 
9 + Lawesson's Rgnt ^ 



^\ KaOH/MeOH^O -> W*V>mfV"» 



step 11 » 

i ♦ j. ♦ ^« oM/ 7 C( ;;; N(Ke)C „ 2 co ( .u, 2 HHCH 2N H- B o= 

(AD 



25 «-f ; eI/Ac0H .„> ^.-.cvo^i-^-* 8 



— Me 

(13) 



ion exchange Me 

50 context of replacing an (. + J J^fg^i ^ detall in the Examples b t elow ;°^ a ;i on in d M SO and water, as 



conformations. 
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scheme 3 



— v+nm -> Cb*-NHCH 2 CH 2 NH-BOC 

15 + (t-BuO) 2 CO, EtOAC ^2 



16 + H 2 /Pd» Et 9 H 2 (17) 



Stee_l 

16 -r n 2 



EtOH — — > Cb«-Ala-CONHCH 2 CK 2 «H-Boc 



Step S i 



18 + H 2 /Pd, EtOH — > «» 2 



„-> N H,-Al*-CONHCH 2 CH 2 NH-Bcc 



Step__i 
19 



StQP 7 i (Ala^-CONHCH.CH-NH-Boc 
^/pd, EtOH — > MB 2 -(A1«) 2 ^ 2 2 



Step .8* — > MeNHCH-CQOBZ 

HeNHCH 2 COOH + TsOH/B*OH/BsH ^2 
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~ L Me 



Me 

(23) 



Rat — > MeC-WOOBz 
23 + Lawesson's Rgt - ^2 

(21) 

^tf ; a OH/ M eOH/H 2 0 ~> M el|CH 2 COOH 

(25) 



.-> M eL N CH 2 CO N H(Al a ) 2 -CO N HCH 2 CH 2 NH.BOC 



21 + 25 ■ 

me 

(26) 



US 

(21) 



Et0H ^ («, 



U EtOH K 9 d^S^-CONHCH 2 CH 2N H 
— Me 

(29) 



65 
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the general reaction: 



MeO OMe — > \ 
V, CH 



,.-CH 2 -CH-.. •• 2 



peptide fragment beanng an awange j is a GO nvergen :one. i ne ^ , ste ;, tne hydrogen bond 
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scheme 4 



30 + H 2 /P d ,-OH-> ( MeO, 2 CH t CH 2h CO|CH 2 COCH 

(lis) 

(32) 



(21) 



Ji ♦ H 2 / M , KeOH _> <«eO, 2 CH ( =H 2 ) 3 CO B >COOH 
(31b) 



32 ♦ H 2 /P d , «eOH -, ,«eO )2 CH ( CH 2 , 3 CoioOH 



60 



65 
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H 2 NNHCH 2 COOEt + acetone 2 ^2 



_> B oc-NHCH-CON-CH 2 COOEt 
R ' NH 2 
(35) 



(36) 



« + HC1 > HCl-H 2 NCH-C01jl.CH 2 COOEt 

ii + HC1 2 ^ NH-Cbz 

(II) 



X = Me (3 la) 
Boc (3lb) 
H (31c) 



R' NH- 1 

(li) 



33 ♦ H 2 / M -> WWji'^T'V*" 

(li) 
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pCH-C0M-CH 2 C00Bt 

0=C R' »j 
CH 



^ 3 2 XNCO(CH 2 ) 3 



(40) 

!nb ond mimic is ; shown , interne 5. 



The experimental details ^.^V" ass spectroscopy. Detailed ° on,orm f;°" a 'S including Difference 

Nuclear Overhauser Effect spectroscopy. 
, i in character. 



Nuclear uven ^ 
produced is helical in character. 
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sch eme 5 



Step 1 * 

i-Bu 



(32) 



Step . 3 : 

^2 , •' ,l ' , " ,, ' ^ '2 , "' 



— > Me 2 C=NNHCH 2 COOEt 
(11) 



Step 4 
34 



-i*' r,~~ MwrH-CON-CHoCOOEt 

+ ( Boc- N HCHMeCO) 2 0 -> Boc-Wg C0,^ 2 

(35) 



Step 5 t 
35 + Cbz-Cl 



B oc-NHCH-CON-CH 2 COOEt 
Me NH-Cbz 
(31) 



^ ££ - i: > H Cl'H 2 NCH-CON-CH 2 COOEt 



36 + HC1 



l*H 2 SCH-< 

Me NH-Cbz 

(11) 
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i-Bu 

3^ + 37 — > (MeO) 2 CH(CH 2 ) 3 u ^ ^ 

(H) 
i-Bu 



(39) 



H 2 Pd - - k 



BF,"Et 2 0 — 



/N H(JH-CON-CH 2 COOEt 

O-C Me jj 
i-Bu-CH CH 
HNCOtCHj)^ 
(40.) 



^ context of any desired peptide. 

Examples 

scope of this invention. 



(Scheme 2, Step 1) 

• mi de ester (1) was synthesized according to the procedure 

•.^r,irmanol tO Vield 1. 



precipitate wa=> 
isopropanol to yield 1. 



(Scheme 2, Step 2) 
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Th rod uct was crystallized by cooling the mixture in an ice-water 



(Scheme 2, Step 3) 



(Scneme ^, -< 

o oa-17 (1972) equal moles of Cbz-Ala-Gly (2), 

Example 4 
(Scheme 2, Step 4) 

KSa-CONHCHa-Boc (4). 



Example 



(Scheme 2, Step 5) 
Boc (5). 



(Scheme 2, Step «/ 



(Scheme 2, Step 7) 
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(Scheme 2, Step 8) 



AcN(Me)CH 2 COOCH2(C 6 H 5 ) (8). 



(Scheme 2, Step 9) 

Me n C(=S)N(Me)CH2COOCH2(C 6 H5) (§)• 



(Scheme 2, Step 10) 

vacuum evaporation, the resiauBw , 

Example 11 

45 (Scheme 2, Step 11) 

Example 12 

55 

(Scheme 2, Step 12) 
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(Scheme 2, Step 13) 

„ a - — * — — - ,TFA " ,or ,0 md " ,emWed * - 

vacuum evaporation to provide 

Me .C=^(Me)CH 2 CO N H ( Ala) 2 -NHCH 2 NH 2 (13). 
SMe 



(Scheme 2, Step U) 



Me -C-A:K,C(0) l .H(Al«)j-»HC2 1,H <ii>' 

a compound of the invention. 

Example 15 
(Scheme 3, Step 1) 



BB3BIH ; 



(Scheme 3, Step 2) 
Example 17 
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(Scheme 3, Step 3) 

NH2CH2CH2NH-B0C (17). 



Example 18 
(Scheme 3, Step 4) 



«„nH<5 17 and 1 were condensed in EtOH to 
„ Following the procedure described in Example 5 above, compounds 17 1 
15 provide ^?bz-Ala-CONHCH 2 CH 2 NH-Boc (18)- 



Example 19 
(Scheme 3, Step 5 



NH 2 -Ala-CONHCH 2 CH 2 NH-Boc (19). 

Example 20 

30 

(Scheme 3, Step 6) 

10 and 1 were condensed in EtOH to 

- ^^^^"^ - 

Example 21 

40 

(Scheme 3, Step 7) 

45 NH2 -Ala-Ara-CONHCH 2 CH 2 NH-Boc (21). 

Example 22 

50 

(Scheme 3, Step 8) 

M=MnrH,COOH is esterified with benzyl alcohol to 

55 Fo.lowingtheprocedure^^ 
provide MeNHCH 2 COOBz (22). 

Example 23 

60 

(Scheme 3, Step 9) 

c .« 8 above compound 22 is acetylated to provide 
65 Flowing the procedure described in Example 8 above. 

20 



AcNH(Me)CH 2 COOBz (23). 
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Example 24 



(Scheme 3, Step 10) 

MeC(=S) ^ CHaCOOBz (24). 



Example 25 



(Scheme 3, Step 11) 
■h rl in Example 10 above, compound 24 is saponified to yield 
Following the procedure descnbed m Example 
M eC(=S)Na (Me)CH 2 COOH (25). 



Example 2 



(Scheme 3, Step 12) 

xxgssssessszr~ 



(Scheme 3, Step 13) 

. „h 9Ris S-methylated with Mel to provide 

^^^^^-^ 

Example 28 



(Scheme 3, Step 14 



(Scheme 3, Step 15 
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Me C=lPcH 2 CONH(Ai a ) r CONHCH 2 CH 2 NH, (21), 
Me 

Example 30 
(Scheme 5, Step 1 

,2 mimteS methyl ^^^^^ s Zm^^^^^^4It'^i 



(Scheme 5, Step 2) 
(MeO)2CH(CH 2 )3CONHCH(.-Bu)COOH(33). 



(Scheme 5, Step 3) 

solvent evaporated to y-eld 
Me 2 C=NNHCH 2 COOEt (34). 



(Scheme 5, Step 4) 

onrt thP CH2CI2 evaporated to obtain 
^eJSmScONENHdOtaOOOEl (35). 
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(Scheme 5, Step 5) 

Cbz P )CH 2 COOEt (36). 



Example 35 



(Scheme 5, Step 6) 

smperature. me B*«» oa 



(Scheme 5, Step 7) 

i-Bu 



Example 37 
(Scheme 5, Step 8 



room temperature and under 1 atm m P 
provide 

i-BU 
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Example 38 

(Scheme 5, Step 9) 



solution stirred ovem.gm « ""--7 Dnase h 

chromatographed on a semi-preparative C 4 reverse pnase 

invention 40: 

NHCH-CON-CH 2 COOEt 
0 «C Me N 
i-Bu-CH CH 
HNCO(CH 2 ) 3 



Example 39 



(Preparation of EGF Analogs) 

(A) Class 1 Mimic : A compound of the formula 

SMe © 
MeC=t&lu-Ser-Leu-NHCH 2 CH 2 NH 3 

"Sfe-aH* A expound o, *e *** ,M.0, i CH ( CH ! , s 00 N ,,^-Se r . L8U -As P ^- 

C0!<-CH,C00Et . 
Cys-C0N(NH 2 )-CH 2 COOEt. 

Example 40 
(Preparation of Malarial Antigens) 
328:257 (1987). Howmr. » pro»ed '° to m \ fSrSSrto polH»P«<le. which is Msec I upon » 

( A) Class 1 Mimic : A compound of the formula 
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(aa ) -NH-CHCO-Pro-NH-CHCO-(aa) m 

e ^ fl 

NH,=C-SMe C-0 

2 P - 1. 

NH 2 (CH 2 ) p 



(where (aa,„ and ( aa, m are each 

s^t^'?:^" — vaccination hav,n9 the 



following structure: 



(aa) -NH-CHCO-Pro-NH-CHCO-taa)^ 



0 



H 2 ? H 2 



NH 2 -C 

NH-(CH 2 ) p - 



Thecomp ound 1S emu,s, fl edinanon-^^^ - 
conventionally through intramuscular injection. 

Claims „ . 30 

, A n^od <or — P"W>— — °" — 

identifying a stabilizing hydrogen bond ; and ee -.. pnce as the active region of said active protein, 35 

-CH2CH2-NH-, and -N = CH-. 
2. A stabilized polypeptide, which com P rlse ^ eauiva | e nts linked by peptide bonds, wherein the 

fo, m «Kn 0 lv,ving7,10.13,«.16.or22.tom 9 . 9 
7. A compound of Ihe formula 

X-C-lpCHjClOJNHfMl^HtCHjl^H 

Ms 

SSln amino acid sequence of 1-12 amino acids: 
11. A compound of the formula 
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Q-C N 

(aa)„ is an amino acid sequence; and 



( aa)„isanaminoacidsequence )a , 1U m is 3. and R'< is NH 2 . 

m is an integer from 1-6. , lle-Glu-Ser-Leu-Asp-Ser-Tyr, m 



R 15 S Acompound of the formula 
(aa i .tlH-CHCO.Pro-NH-CHCO-Caa)^ 
CH 2 1 2 

© 1 2 i.o 



W(CH 2 ) p -KH • 

H „c,. M nd.n,,, a n, i no^d SM u e n-o.1-1^lno-«-^-^ R " 18 ^ 



65 
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. . -N- ■ • . . -N- , 



I 



Normal 



"2 I] 



H 2 -CH-. 
class 



FIGURE 1 



